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Description 

The  present  invention  is  directed  to  an  electric-mo- 
tor  hydraulic  pump,  and  more  particularly  to  a  pump  that 
includes  facility  for  regulating  fluid  output  by  controlling 
electrical  power  applied  to  the  pump  motor. 

Background  and  Objects  of  the  Invention 

U.S.  Patent  No.  4,729,717,  assigned  to  the  assign- 
ee  hereof,  discloses  an  electric-motor  in-line  hydraulic 
pump  assembly  that  includes  a  stationary  shaft  dis- 
posed  within  a  housing.  A  pair  of  spaced  cylinder  blocks 
are  counter  rotatably  mounted  on  the  shaft,  and  arrays 
of  pistons  are  carried  within  each  of  the  cylinder  blocks 
and  engage  opposite  sides  of  a  common  yoke  plate. 
Synchronous  or  asynchronous  (induction)  motor  stators 
are  positioned  within  the  housing  and  surround  rotors 
mounted  on  the  cylinder  blocks.  A  controller  energizes 
the  respective  motors  so  that  the  cylinder  blocks  rotate 
in  opposite  directions  and  can  be  held  1  80°  out  of  phase 
with  each  other.  Ayoke  plate  control  piston  and  pressure 
compensator  valve  are  carried  by  the  housing  and  cou- 
pled  to  the  pump  fluid  output  for  maintaining  constant 
output  pressure  and  destroking  the  pump  when  fluid  out- 
put  pressure  exceeds  the  desired  level. 

U.S.  Patent  No.  5,073,091,  likewise  assigned  to  the 
assignee  herein,  discloses  a  variable  displacement  hy- 
draulic  pump  that  includes  a  housing  and  a  rotatable 
shaft  that  projects  from  the  housing  for  external  connec- 
tion  to  a  motor  or  other  source  of  motive  power.  A  cylin- 
der  block  is  coupled  to  the  shaft  for  corotation  with  the 
shaft  within  the  housing,  and  includes  a  plurality  of  cyl- 
inders  disposed  in  a  circumferential  array  parallel  to  and 
surrounding  the  axis  of  the  shaft.  A  piston  is  disposed 
to  reciprocate  within  each  of  the  cylinders,  and  is  cou- 
pled  to  a  yoke  plate  for  determining  displacement  of  the 
pistons  within  the  cylinders.  A  valve  plate  is  mounted  on 
a  valve  block  and  includes  kidney-shaped  slots  for  reg- 
istering  with  the  cylinders  as  the  cylinder  block  rotates, 
and  thereby  connecting  the  cylinders  to  pump  inlet  and 
outlet  ports.  A  microprocessor-based  controller  is  exter- 
nally  mounted  on  the  pump  valve  block,  and  includes 
internal  memory  having  various  remotely-selectable 
control  programs  prestored  therein.  Sensors  responsive 
to  pump  operating  conditions  are  connected  to  the  pump 
controller,  and  include  a  first  sensor  responsive  to  yoke 
plate  position  as  variable  controlled  by  the  controller,  a 
pressure  sensor  responsive  to  pump  output  pressure, 
and  a  speed  sensor  responsive  to  angular  velocity  of 
rotation  of  the  shaft  and  cylinder  block.  Preferably,  all  of 
the  electric  components  are  mounted  on  the  valve  block. 

EP-A-0457365  discloses  apparatus  for  controlling 
a  variable  displacement  type  hydraulic  pump,  the  appa- 
ratus  comprising  means  for  detecting  the  number  of  rev- 
olutions  of  the  engine  means  for  detecting  a  pressure  of 
hydraulic  oil  delivered  from  the  hydraulic  pump,  means 
for  setting  with  reference  to  the  number  of  revolutions 

of  the  engine  a  pump  absorption  torque  characteristic 
which  monotonously  decreases  in  relation  to  the 
number  of  revolutions  of  the  engine,  means  for  looking 
for  an  inclination  angle  of  a  swash  plate  in  the  pump  with 

5  reference  to  the  pump  absorption  torque  characteristic 
and  the  pressure  of  hydraulic  oil  delivered  from  the 
pump,  means  for  controlling  the  swash  plate  in  the  pump 
so  as  to  assure  the  inclination  angle  of  the  swash  plate, 
and  means  for  reducing  the  number  of  revolutions  of  the 

10  engine  under  a  condition  that  an  absorption  torque  ab- 
sorbed  by  the  hydraulic  pump  does  not  exceed  an  al- 
lowable  torque  of  the  engine.  When  the  controlling  ap- 
paratus  is  employed,  the  number  of  revolutions  of  the 
engine  can  be  reduced  as  far  as  possible,  whereby  a 

is  fuel  consumption  cost  can  be  reduced  correspondingly. 
Further,  since  the  inclination  angle  of  the  swash  plate  in 
the  pump  can  be  increased  as  far  as  possible,  an  oper- 
ational  efficiency  of  the  pump  can  be  increased. 

A  general  object  of  the  present  invention  is  to  pro- 
20  vide  an  electric-motor  hydraulic  pump  of  the  type  dis- 

closed  in  the  above-noted  patent  that  includes  facility 
for  enhanced  control  of  pump  output  fluid  pressure  and 
flow.  Another  and  more  specific  object  of  the  present  in- 
vention  is  to  provide  an  electric-motor  hydraulic  pump 

25  of  the  described  character  in  which  effective  pump  dis- 
placement  and  speed  are  controlled  electronically  by 
modulating  the  output  of  the  electric  motor,  rather  than 
hydro-mechanically  as  is  typical  of  the  prior  art,  so  as  to 
reduce  power  consumption.  Yet  another  object  of  the 

30  present  invention  is  to  provide  an  electric-motor  hydrau- 
lic  pump  having  improved  response  to  changing  output 
commands  and/or  conditions. 

The  present  invention  is  defined  in  the  appended 
claims. 

35 
Summary  of  the  Invention 

In  one  aspect  an  electric-motor  hydraulic  pump  in 
accordance  with  the  present  invention  includes  a  hous- 

40  ing  having  a  stationary  internal  shaft.  At  least  one  cylin- 
der  block  is  rotatably  carried  bytheshaft  within  the  hous- 
ing,  and  at  least  one  piston  is  slidably  disposed  in  the 
cylinder  block.  A  yoke  plate  is  mounted  in  the  housing 
and  engages  the  piston  for  determining  displacement  of 

45  the  piston  within  the  cylinder  block.  Fluid  inlet  and  outlet 
ports  are  provided  in  the  housing  and  are  coupled  to  the 
cylinder  block.  An  electric-motor  includes  a  rotor  carried 
by  the  cylinder  block  for  corotation  therewith,  and  a  sta- 
tor  mounted  within  the  housing  surrounding  the  rotor. 

so  An  electronic  controller  for  controlling  outlet  fluid  pres- 
sure  and  flow  from  the  pump  includes  a  plurality  of  sen- 
sors  mounted  on  the  housing  for  sensing  operating 
characteristics  of  the  pump  and  motor  to  provide  elec- 
tronic  sensor  signals  as  functions  thereof.  Control  elec- 

ts  tronics  are  responsive  to  the  sensor  signals  for  control- 
ling  fluid  pressure  and/or  flow  from  the  pump  by  varying 
the  torque  and  speed  of  the  pump  motor. 

In  accordance  with  another  aspect  of  the  invention, 
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and  in  a  presently  preferred  embodiment  thereof,  the 
pump  motor  comprises  an  electric  motor  (synchronous 
or  asynchronous),  and  the  controller  includes  circuitry 
for  applying  an  alternating  current  to  the  stator  of  the 
electric  motor.  A  speed  command  signal  is  generated  in 
the  controller  indicative  of  desired  speed  of  rotation  at 
the  cylinder  block  and  rotor,  and  the  frequency  of  the 
alternating  current  applied  to  the  stator  is  varied  as  a 
function  of  such  speed  command  signal.  A  pressure 
command  signal  indicative  of  a  desired  pump  outlet  fluid 
pressure  is  generated  at  the  controller,  and  amplitude 
of  the  alternating  current  applied  to  the  stator  is  varied 
as  a  function  of  such  pressure  command  signal.  In  this 
way,  outlet  pressure  and  flow  of  fluid  from  the  pump  are 
selectively  variable  as  a  function  of  such  command  sig- 
nals  through  variable  control  of  electric  power  applied 
to  the  stator.  Thus,  hydraulic  power  is  delivered  to  the 
load  at  a  level  required  to  do  the  desired  work,  minimiz- 
ing  excess  and  resultant  losses. 

In  the  preferred  embodiment  of  the  invention,  speed 
and  pressure  sensors  are  mounted  on  the  motor/pump 
unit,  and  provide  electrical  signals  as  respective  func- 
tions  of  motor  speed  and  pump  output  pressure  for  com- 
parison  to  the  corresponding  command  signals.  Fre- 
quency  and  amplitude  of  the  alternating  current  applied 
to  the  motor  stator  are  controlled  as  respective  functions 
of  differences  between  the  corresponding  sensor  and 
command  signals.  The  preferred  embodiment  of  the  in- 
vention  also  includes  a  temperature  sensor  within  the 
motor/pump  housing  for  sensing  temperature  of  hydrau- 
lic  fluid  flowing  therethrough,  and  the  speed  command 
signal  is  automatically  varied  within  the  controller  as  a 
function  of  fluid  temperature  so  as  to  increase  pump 
speed  and  effective  pump  displacement  as  fluid  temper- 
ature  increases.  In  this  way,  increased  leakage  due  to 
decreased  fluid  viscosity  at  increased  temperature  is 
automatically  accommodated  through  electronic  control 
of  the  pump  motor.  The  preferred  embodiment  of  the  in- 
vention  also  includes  a  sensor  operatively  coupled  to 
the  yoke  plate  within  the  housing  for  sensing  actual  dis- 
placement  of  the  piston  within  the  cylinder  block,  and 
the  pressure  command  signal  generated  by  the  pump 
controller  is  automatically  varied  as  a  function  of  actual 
pump  displacement  so  as  to  increase  torque  applied  by 
the  motor  to  the  pump  as  actual  pump  displacement  in- 
creases. 

Brief  Description  of  the  Drawings 

The  invention,  together  with  additional  objects,  fea- 
tures  and  advantages  thereof,  will  be  best  understood 
from  the  following  description,  the  appended  claims  and 
the  accompanying  drawings  in  which: 

FIG.  1  is  a  partially  sectioned  perspective  view  of 
an  electric-motor  in-line  hydraulic  pump  assembly 
in  accordance  with  a  presently  preferred  embodi- 
ment  of  the  invention; 

FIG.  2  is  a  electrohydraulic  schematic  diagram  of 
the  pump  illustrated  in  FIG.  1  with  associated  con- 
trol  electronics  and  exemplary  loads; 
FIG.  3  is  a  hydraulic  schematic  diagram  of  the  elec- 

5  trie-motor  fixed  displacement  pump  in  an  exemplary 
application  for  controlling  operation  of  injection 
molding  machinery; 
FIG.  4  is  a  functional  block  diagram  of  an  electric 
motor  variable  displacement  pump  and  control 

10  electronics; 
FIG.  5  is  a  functional  block  diagram  of  the  motor/ 
pump  and  control  electronics  illustrated  in  FIG.  3; 
and 
FIG.  6  is  a  functional  block  diagram  of  a  servo  mo- 

15  tor/variable  displacement  pump  and  control  elec- 
tronics  in  accordance  with  another  embodiment  of 
the  invention. 

Detail  Description  of  Preferred  Embodiments 
20 

FIG.  1  illustrates  an  electric-motor  in-line  hydraulic 
pump  10  that  includes  a  case  or  housing  12  having  a 
fixed  hollow  shaft  14  extending  longitudinally  there- 
through.  A  pair  of  cylinder  blocks  16,  18  are  supported 

25  for  rotation  on  fixed  shaft  1  4  on  opposite  sides  of  a  yoke 
plate  20.  An  array  of  pistons  22  are  slidably  carried  in 
corresponding  bores  of  each  cylinder  block  16,  18  cir- 
cumferentially  surrounding  the  axis  of  rotation,  and  ex- 
tend  axially  from  the  respective  cylinder  blocks  to  en- 

30  gage  opposing  faces  of  yoke  plate  20.  Thus,  yoke  plate 
20  determines  physical  displacement  of  pistons  22  in 
each  cylinder  block  16,  18.  Each  cylinder  block  16,  18 
communicates  with  a  corresponding  valve  plate  24,  26 
that  contain  suitable  passages  for  feeding  fluid  at  inlet 

35  pressure  to  the  cylinders  of  the  cylinder  blocks,  and  for 
feeding  fluid  at  outlet  pressure  to  the  internal  passage 
within  shaft  14,  and  thence  to  an  outlet  port  28. 

An  electric  motor  30,  32  surrounds  each  cylinder 
block  16,  18  for  rotating  the  cylinder  block  in  opposite 

40  directions  around  shaft  14.  Each  motor  30,  32  includes 
a  rotor  34  carried  by  the  corresponding  cylinder  block 
for  corotation  therewith,  and  a  stator  36  carried  within 
housing  12  and  radially  outwardly  surrounding  the  cor- 
responding  rotor  34.  An  arm  38  extends  radially  out- 

45  wardly  from  the  periphery  of  yoke  plate  20.  The  outer 
end  of  arm  38  is  engaged  on  one  side  by  a  coil  spring 
40,  and  on  the  opposing  side  by  a  control  piston  42.  The 
arm-remote  end  of  control  piston  42  receives  fluid  at  out- 
let  pressure  through  a  passage  44  within  housing  12. 

so  In  general,  stators  36  of  motors  30,  32  are  ener- 
gized  so  as  to  rotate  motors  34  and  cylinder  blocks  16, 
1  8  in  opposite  directions  around  shaft  1  4.  Reciprocation 
of  pistons  22  within  cylinder  blocks  16,  18  feeds  fluid 
through  valve  plates  24,  26  and  shaft  14  to  outlet  port 

55  28.  Fluid  at  outlet  pressure  is  also  fed  to  control  piston 
42,  which  operates  against  spring  40  to  destroke  the 
pump,  by  pivoting  yoke  plate  20,  when  outlet  fluid  pres- 
sure  exceeds  the  level  determined  by  spring  40.  To  the 
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extent  thus  far  described,  pump  10  is  substantially  the 
same  as  that  disclosed  in  U.S.  Patent  No.  4,729,717,  to 
which  reference  is  made  for  a  more  detailed  description 
of  construction  and  operation. 

Referring  to  both  FIGS.  1  and  2,  a  plurality  of  sen- 
sors  are  mounted  on  pump  10  for  sensing  operating 
characteristics  of  the  pump  and  to  provide  electronic 
sensor  signals  as  functions  thereof.  These  sensors  in- 
clude  a  pump  speed  sensor  46  comprising  a  toothed 
wheel  48  carried  by  the  pump  inlet  inducer  50  (FIG.  1) 
for  corotation  with  cylinder  block  18,  and  a  pick-up  as- 
sembly  52  positioned  radially  outwardly  of  wheel  48  in 
proximity  thereto.  Pick-up  52  thus  feeds  a  periodic  sig- 
nal  N  (FIG.  4)  indicative  of  pump  angular  velocity  to  a 
microprocessor-based  pump  controller  54  (FIG.  2).  A 
pressure  sensor  56  is  coupled  to  pump  outlet  port  28  for 
feeding  a  signal  P  to  controller  54  indicative  of  pump 
outlet  pressure.  A  temperature  sensor  58  is  carried  by 
housing  1  2,  and  feeds  a  corresponding  sensor  signal  T 
to  controller  54  indicative  of  the  temperature  of  hydraulic 
fluid  at  case  pressure  surrounding  the  motor  and  cylin- 
der  blocks.  A  position  sensor  60  is  disposed  within  hous- 
ing  12  in  proximity  to  the  distal  end  of  an  arm  62  that 
projects  from  yoke  plate  20,  and  feeds  a  signal  Y  to  mi- 
croprocessor-based  controller  54  indicative  of  position 
of  yoke  plate  20  relative  to  the  case.  Housing  12  is  sur- 
rounded  by  a  shell  64.  A  constant  speed  muffin  fan  66 
is  mounted  on  one  end  of  housing  1  2,  and  blows  air  lon- 
gitudinally  through  the  space  between  housing  12  and 
shell  64.  Cooling  fins  68  (FIG.  1)  on  shell  12  help  dissi- 
pate  heat  into  the  air  stream. 

A  valve  block  assembly  70  is  mounted  on  the  end 
of  housing  1  2  remote  from  fan  66.  Valve  block  assembly 
70  includes  a  manifold  72  having  internal  passages  that 
communicate  with  outlet  port  28  of  pump  housing  1  2  and 
feed  fluid  at  outlet  pressure  to  a  solenoid-operated  di- 
rectional  control  valve  74.  Valve  74  is  operated  by  con- 
troller  54  (FIG.  2)  for  selectively  feeding  fluid  at  outlet 
pressure  to  a  pair  of  work  port  76,  78.  Return  fluid  is  fed 
within  block  72  from  a  return  port  80  through  a  filter  82 
and  returned  to  the  pump  case.  A  pressure  relief  valve 
84  is  mounted  on  block  72  for  returning  outlet  fluid  to  the 
case  in  the  event  of  excess  outlet  pressure,  and  a  pres- 
sure  compensator  86  is  also  carried  by  manifold  72  of 
valve  block  assembly  70.  FIG.  2  illustrates  a  modified 
embodiment  of  the  invention  in  which  the  valve  block 
assembly  70  carries  a  pair  of  directional  valves  74a, 
74b,  with  solenoids  connected  to  microprocessor-based 
control  54.  Valve  74a  selectively  feeds  fluid  to  a  rotary 
hydraulic  actuator  88,  while  valve  74b  selectively  feeds 
fluid  to  a  linear  hydraulic  actuator  90.  Each  actuator  88, 
90  has  a  position  sensor  92,  94  associated  therewith  for 
feeding  signals  to  controller  54  indicative  of  actuator  po- 
sition. 

A  current,  frequency  and  amplifier  controller  96  re- 
ceives  electrical  power  from  a  suitable  source  (not 
shown),  and  feeds  three-phase  alternating  current  at 
controlled  amplitude  and  frequency  to  an  electric  motor 

control  98  carried  by  housing  1  2  of  pump  1  0.  Control  98 
includes  suitable  control  circuitry  (as  shown  in  the 
above-referenced  patent)  for  feeding  the  alternating 
current  to  the  stator  windings  of  the  respective  motors 

5  30,  32  (FIG.  1)  180°  out  of  phase.  A  current  sensor  100 
is  connected  to  the  output  of  current,  frequency  and  am- 
plifier  controller  96.  Microprocessor  54  provides  a  pair 
of  control  outputs  to  current,  frequency  and  amplifier 
controller  96,  which  provides  amplitude  and  frequency 

10  control  to  motors  30,32.  Devices  suitable  for  control  96 
are  marketed  by  ABB  Industrial  Systems,  Inc.  of  New 
Berlin,  Wisconsin  under  the  trade  designation  "GX  Se- 
ries." 

FIGS.  3  and  5  illustrate  implementation  of  the  inven- 
ts  tion  in  a  fixed  displacement  pump  and  control  arrange- 

ment  in  an  injection  molding  application  for  controlling 
operation  of  the  mold  clamp  104  and  material  ejector 
1  06  of  a  conventional  injection  molding  machine.  Clamp 
104  includes  a  pair  of  linear  actuator  90a,  90b,  control- 

20  led  by  the  respective  solenoid  valves  90c,  90d,  for  op- 
erating  the  two  components  of  the  clamp.  Injector  106 
includes  a  rotary  actuator  88a  for  operating  the  injector 
screw,  and  a  linear  actuator  90e  coupled  to  the  injector 
ram.  Actuators  88a,  90e  are  controlled  by  proportional 

25  valves  88b,  90f.  For  each  machine  phase,  additional 
proportional  valves  90g  and  90h  are  suitably  positioned 
by  electrical  signals  efficiently  to  regulate  the  velocity 
and  hydrostatic  force  on  the  machine  actuators. 

The  regulation  of  the  hydraulic  speed  and  pressure 
30  related  machinery  functions  are  set  at  control  panel  1  08 

which  can  consist  of  digital  and/or  analog  keyboard.  The 
position  and  force  at  the  actuators  are  measured  and 
fed  into  the  machine  controller.  This  information  is  com- 
pared  with  the  input  setting  and  corrective  feedback  sig- 

35  nals  are  sent  to  the  proportional  valves  90g  and  90h. 
This  comparative  and  corrective  sequence  of  signals  is 
continuous  to  meet  the  preset  requirements.  During  the 
time  the  proportional  valves  90g  and  90h  are  responding 
to  the  programmed  flow  and  pressure,  the  power  to  the 

40  electric  motor/"fixed  displacement"  pump  unit  would  be 
modulated  (adjustment  of  the  electrical  current  and  fre- 
quency)  to  meet  the  "near"  exact  hydraulic  power  re- 
quirements  without  excess  energy  losses. 

FIG.  4  is  a  functional  block  diagram  that  illustrates 
45  control  of  electric  motor/variable  displacement  pump  1  0. 

A  pump  controller  108  within  microprocessor  54  gener- 
ates  command  signals  Pc  and  Nc  indicative  of  desired 
pump  outlet  pressure  and  flow  respectively.  Pump  con- 
troller  108  receives  the  signal  T  from  temperature  sen- 

50  sor  58,  and  adjusts  effective  displacement  of  pump  10 
by  increasing  pump  speed  command  signal  Nc  to  make 
up  for  increased  leakage  of  hydraulic  at  higher  temper- 
ature  and,  therefore,  lower  viscosity.  Controller  108  also 
receives  signal  Y  from  yoke  plate  position  sensor  60, 

55  and  controls  displacement  of  pump  10  by  means  of  a 
displacement  control  signal  Y1  provided  to  a  suitable 
displacement  control  mechanism  within  the  motor/pump 
unit. 

4 
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Speed  command  signal  Nc  is  compared  to  the  ac- 
tual  speed  signal  N,  and  a  corresponding  error  signal  is 
fed  to  the  pump  power  control  circuit  112  for  controlling 
frequency  of  the  alternating  current  applied  to  the  pump 
windings,  and  thereby  controlling  speed  of  pump  oper- 
ation.  Likewise,  pressure  command  signal  Pc  is  com- 
pared  with  the  actual  pump  outlet  pressure  signal  P,  and 
a  signal  is  generated  as  a  function  of  a  difference  ther- 
ebetween  for  controlling  the  amplitude  of  the  current  ap- 
plied  to  the  pump  motor  stator  windings.  The  current 
command  signal  is  also  compared  with  the  signal  I  re- 
turned  by  the  current  sensor  1  00  for  fine-tuning  the  cur- 
rent  applied  to  the  motor  windings.  Above-noted  U.S. 
Application  Serial  No.  07/412,211  filed  September  25, 
1989  (V-4121)  discloses  a  suitable  construction  for  mi- 
croprocessor-based  controller  54.  Pump  control  pro- 
grams  stored  in  the  memory  of  the  microprocessor  are 
typically  tailored  to  the  specific  application  for  which  the 
motor-pump  unit  is  to  be  employed,  and  do  not  per  se 
form  part  of  the  present  invention. 

FIG.  5  illustrates  afunctional  block  diagram  for  con- 
trol  of  motor/fixed  displacement  pump  10a.  A  controller 
108  generates  command  Nc  indicative  of  desired  pump 
speed  (discharge  flow).  Also,  the  controller  instructs  the 
solenoid  operated  directional  valves  of  their  operating 
positions  and  the  proportional  valves  of  their  pressure 
and  flow  settings.  The  machine  actuators  perform  to  the 
instructions  dictated  by  controller  1  08.  The  position  and 
force  (pressure)  measured  at  the  actuators  are  fed  back 
and  compared  at  the  controller  1  08,  which  subsequently 
modulates  the  proportional  valves  90g,  90h  to  provide 
required  flow  and/or  pressure.  As  one  machine  opera- 
tion  is  completed,  the  controller  1  08  energizes  the  valv- 
ingforthe  next  machine  sequence.  The  operation  of  the 
actuator  is  again  compared  to  the  input  instruction  in  the 
controller  108,  and  the  pressure  and  flow  control  cycle 
is  repeated.  Once  the  operating  conditions  are  satisfied 
at  the  actuators  by  the  valving,  the  controller  108  pro- 
vides  the  instruction  to  the  motor  control  112  to  adjust 
input  electric  power  frequency  to  the  motor/fixed  dis- 
placement  pump,  and  the  pump  hydraulic  output  is  mod- 
ulated  to  efficiently  meet  the  system  demands.  This 
electric  power  frequency  adjustment  can  be  made  for 
the  respective  phases  of  the  machine  cycle. 

In  another  simplified  installation,  the  electric  motor 
control  1  1  2  is  replaced  by  a  switch  which  energizes  one 
or  both  of  the  rotating  group  of  the  dual  pumping  groups 
operating  at  constant  motor  speed.  The  displacement 
of  each  rotating  group  can  be  sized  to  meet  the  specific 
flow  demands. 

There  have  thus  been  disclosed  several  embodi- 
ments  of  an  electric-motor  in-line  hydraulic  pump  that 
fully  satisfy  all  of  the  objects  and  aims  previously  set 
forth.  Although  the  invention  has  been  disclosed  in  con- 
nection  with  present  preferred  embodiments  thereof, 
many  modifications  and  variations  may  be  implemented 
without  departing  from  the  principles  of  the  invention  in 
their  broadest  aspects.  For  example,  the  pump  may  in- 

clude  a  linear  actuator  or  the  like  coupled  to  the  pump 
displacement  control  for  controlling  position  of  yoke 
plate  20  and  actual  displacement  of  pistons  22  within 
cylinder  blocks  16,  18.  In  such  an  application,  induction 

5  motors  30,  32  may  be  fixed  rather  than  variable  speed. 
It  may  also  be  advantageous  in  many  applications  to  in- 
corporate  a  small  pump  in  the  pump  assembly  for  circu- 
lating  cooling  fluid  around  the  motor  windings  even  at 
near  zero  displacement  and  fluid  flow.  It  is  also  contem- 

10  plated  that  electric  servo  motors  may  be  employed  rath- 
er  than  the  induction  motors  30,32  illustrated  in  the 
drawing  and  hereinabove  described. 

FIG.  6  illustrates  the  application  of  servo  electric 
motor  technology  and/or  servo  pump  displacement  con- 

's  trol  to  modulate  pump  flow  (Q)  or  pressure  (P).  In  a  pres- 
sure  control  mode,  the  pump  shaft  speed  (N),  driven  by 
the  servo  motor  10b,  and  the  pump  displacement  (Y) 
can  be  varied  by  the  controller  to  regulate  pressure  over 
wide  speed  (N)  and  displacement  (Y)  ranges.  The  var- 

20  iables  of  pump  shaft  speed  (N)  and  displacement  (Y) 
can  be  controlled  to  vary  pump  flow  (Q)  over  side  speed 
(N)  and  displacement  (Y)  ranges.  Feedback  of  motor 
pump  fluid  temperature  (T)  and  pump  outlet  pressure 
(P)  are  used  to  adjust  (bias)  pump  shaft  speed  to  make 

25  up  for  leakage.  Both  the  servo  motor  and  pump  stroke 
displacement  mechanism  possess  high  dynamic  per- 
formance  characteristics  to  respond  and  meet  the  pres- 
sure  (P)  and  flow  (Q)  requirements. 

The  motor-pump  can  include  high  performance 
30  electric  servo  motor  of  the  asynchronous  (induction)  or 

synchronous  (permanent  magnet)  types  to  dynamically 
control  pump  shaft  speed  to  control  either  pump  outlet 
flow  or  pressure.  Another  pressure  control  mode  in- 
cludes  controlling  the  servo  motor  torque  output  via  con- 

35  trailer  variation  in  current  supplied  to  the  electric  servo 
motor. 

Claims 

1.  An  electric-motor  hydraulic  pump  (10;  10a)  that  in- 
cludes:  a  housing  (12)  having  a  stationary  internal 
shaft  (14),  at  least  one  cylinder  block  (16,18)  rotat- 
ably  carried  by  said  shaft  within  said  housing  and 
at  least  one  piston  (22)  slidably  disposed  in  said  cyl- 
inder  block,  a  yoke  plate  (20)  mounted  within  said 
housing  and  engaging  said  piston  for  determining 
displacement  of  said  piston  within  said  cylinder 
block,  fluid  inlet  and  outlet  means  (28)  within  said 
housing  and  coupled  to  said  cylinder  block,  an  elec- 
tric  motor  (30,32)  that  includes  a  rotor  (34)  carried 
by  said  cylinder  block  for  corotation  therewith  and 
a  stator  (36)  within  said  housing  surrounding  said 
rotor,  and  electronic  control  means  for  controlling 
outlet  fluid  pressure  and  flow  from  said  pump, 
wherein  said  electronic  control  means  comprises: 

means  (96;  11  2)  for  applying  alternating  current 

45 

50 
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to  said  stator, 
means  (54;  108)  for  generating  a  speed  com- 
mand  signal  (Nc)  indicative  of  a  desired  speed 
of  rotation  of  said  cylinder  block  and  said  rotor, 
means  (96;  1  1  2)  for  generating  a  pressure  com-  s 
mand  signal  indicative  of  a  desired  fluid  outlet 
pressure  at  said  pump, 
means  (96;  112)  for  varying  the  frequency  of 
said  alternating  current  applied  to  said  stator  as 
a  function  of  said  speed  command  signal,  and  10 
means  (96;  112)  for  varying  the  amplitude  of 
said  alternating  current  applied  to  said  stator  as 
a  function  of  said  pressure  command  signal, 
outlet  pressure  (P)  and  flow  of  fluid  (Q)  from 
said  cylinder  block  being  thereby  selectively  15 
variable  as  a  function  of  said  command  signals 
through  variable  control  of  both  frequency  and 
amplitude  of  the  alternating  current  applied  to 
said  stator. 

20 
2.  The  pump  (1  0;  1  0a)  set  forth  in  claim  1  further  com- 

prising  a  speed  sensor  (46)  on  said  housing  for 
sensing  speed  of  rotation  of  said  rotor  and  providing 
a  speed  signal  (N)  as  a  function  thereof;  and  where- 
in  said  frequency-varying  means  comprises  means  25 
for  comparing  said  speed  signal  (N)  to  said  speed 
command  signal  (NC),  and  means  for  varying  fre- 
quency  of  said  alternating  current  applied  to  said 
stator  as  a  function  of  a  difference  between  said 
speed  and  speed  command  signals.  30 

3.  The  pump  (10;  10a)  set  forth  in  claim  1  or  2  further 
comprising  a  pressure  sensor  (56)  for  sensing  out- 
let  fluid  pressure  from  said  pump  and  providing  a 
pressure  signal  (P)  as  a  function  thereof;  and  35 
wherein  said  amplitude-varying  means  comprises 
means  for  comparing  said  pressure  signal  (P)  to 
said  pressure  command  signal  (PC),  and  means  for 
varying  amplitude  of  said  alternating  current  applied 
to  said  stator  as  a  function  of  a  difference  between  40 
said  pressure  and  pressure  command  signals. 

4.  The  pump  (10;  10a)  set  forth  in  claim  1  ,  2  or  3  further 
comprising  a  temperature  sensor  (58)  for  sensing 
temperature  of  hydraulic  fluid  flowing  through  said  45 
pump;  and  wherein  said  means  for  generating  said 
speed  command  signal  includes  means  responsive 
to  said  temperature  sensor  for  varying  said  speed 
command  signal  (NC)  as  af  unction  of  said  fluid  tem- 
perature  so  as  to  increase  pump  speed  and  effec-  so 
tive  pump  displacement  as  fluid  temperature  in- 
creases. 

5.  The  pump  (10;  10a)  set  forth  in  any  preceeding 
claim  further  comprising  a  displacement  sensor  55 
(60)  operatively  coupled  to  said  yoke  plate  within 
said  housing  for  sensing  actual  displacement  of 
said  piston  within  said  cylinder  block;  and  wherein 

said  means  for  generating  said  pressure  command 
signal  (PC)  comprises  means  responsive  to  said 
displacement  sensorfor  varying  said  pressure  com- 
mand  signal  as  a  function  of  said  actual  displace- 
ment  so  as  to  increase  pump  torque  as  said  actual 
displacement  increases. 

6.  The  pump  (10;  10a)  forth  in  any  preceeding  claim 
further  comprising  a  manifold  (72)  mounted  on  said 
housing  (12)  and  coupled  to  said  outlet  means  (28), 
at  least  one  solenoid-operated  proportional  hydrau- 
lic  valve  (74a,  74b)  on  said  manifold,  and  fluid  ports 
(76,78)  on  said  manifold  for  feeding  hydraulic  fluid 
from  said  pump  to  a  load  under  control  of  said  pro- 
portional  hydraulic  valve. 

Patentanspriiche 

1.  Elektromotor-Hydraulikpumpe  (10;  10a),  umfas- 
send:  ein  Gehause  (12)  mit  einerfeststehenden  in- 
ternen  Achse  (14),  mindestens  einen  von  der  Achse 
im  Gehause  drehbar  getragenen  Zylinderblock  (1  6, 
18)  mit  mindestens  einem  im  Zylinderblock  ver- 
schiebbar  angeordneten  bzw.  gefuhrten  Kolben 
(22),  eine  im  Gehause  montierte  bzw.  gelagerte 
Joch-  bzw.  Steuerscheibe  (20),  die  zur  Bestimmung 
der  Verschiebung  des  Kolbens  im  Zylinderblock  am 
Kolben  angreift,  im  Gehause  vorgesehene  und  mit 
dem  Zylinderblock  verbundene  FluideinlaB-  und 
-auslaBmittel  (28),  einen  Elektromotor  (30,  32)  mit 
einem  Rotor  (34),  der  vom  Zylinderblock  mit  diesem 
mitdrehbar  getragen  wird,  und  einem  im  Gehause 
angeordneten  und  den  Rotor  umschlieBenden  Sta- 
tor  (36)  sowie  eine  elektronische  Regeleinheit  zum 
Regeln  von  AuslaBfluiddruck-  und  -stromung  (bzw 
-durchsatz)  von  der  Pumpe,  wobei  die  elektroni- 
sche  Regeleinheit  umfaBt: 

ein  Mittel  (96;  112)  zum  Anlegen  eines  Wech- 
selstroms  an  den  Stator, 
ein  Mittel  (54;  108)  zum  Generieren  eines  eine 
gewunschte  bzw.  Soll-Drehzahl  von  Zylinder- 
block  und  Rotor  angebenden  Drehzahlbefehls- 
signals  (Nc), 
ein  Mittel  (96;  1  1  2)  zum  Generieren  eines  einen 
Soll-Fluidauslal3druck  an  der  Pumpe  angeben- 
den  Druckbefehlssignals, 
ein  Mittel  (96;  112)  zum  Variieren  der  Frequenz 
des  an  den  Stator  angelegten  Wechselstroms 
als  Funktion  des  Drehzahlbefehlssignals  und 
ein  Mittel  (96;  1  1  2)  zum  Variieren  der  Amplitude 
des  an  den  Stator  angelegten  Wechselstroms 
als  Funktion  des  Druckbefehlssignals, 
wodurch  AuslaBdruck  (P)  und  -stromung  von 
Fluid  (Q)  vom  Zylinderblock  als  Funktion  der 
Befehlssignale  iiber  variable  Regelungvon  so- 
wohl  Frequenz  als  auch  Amplitude  des  an  den 
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Stator  angelegten  Wechselstroms  selektiv  va-  des  Proportionalhydraulikventils. 
riabel  bzw.  anderbar  sind. 

2.  Pumpe  (10;  10a)  nach  Anspruch  1,  ferner  umfas- 
send  einen  am  Gehause  vorgesehenen  Drehzahl-  s 
sensor  (46)  zum  Messen  der  Drehzahl  des  Rotors 
und  zum  Liefern  eines  Drehzahlsignals  (N)  als 
Funktion  davon;  wobei  das  Frequenzvariiermittel 
ein  Mittel  zum  Vergleichen  des  Drehzahlsignals  (N) 
mit  dem  Drehzahlbefehlssignal  (NC)  und  ein  Mittel  10 
zum  Variieren  der  Frequenz  des  an  den  Stator  an- 
gelegten  Wechselstroms  als  Funktion  einer  Diffe- 
renz  zwischen  den  Drehzahl-  und  Drehzahlbefehls- 
signalen  umfaBt, 

15 
3.  Pumpe  (10;  10a)  nach  Anspruch  1  oder  2,  ferner 

umfassend  einen  Drucksensor  (56)  zum  Messen 
des  AuslaBfluiddrucks  von  der  Pumpe  und  zum  Lie- 
fern  eines  Drucksignals  (P)  als  Funktion  davon;  wo- 
bei  das  Frequenzvariiermittel  ein  Mittel  zum  Ver-  20 
gleichen  des  Drucksignals  (P)  mit  dem  Druckbe- 
fehlssignal  (PC)  und  ein  Mittel  zum  Variieren  der 
Amplitude  des  an  den  Stator  angelegten  Wechsel- 
stroms  als  Funktion  einer  Differenz  zwischen  den 
Druck-  und  Druckbefehlssignalen  umfaBt.  25 

4.  Pumpe  (1  0;  1  0a)  nach  Anspruch  1  ,  2  oder  3,  ferner 
umfassend  einen  Temperatursensor  (58)  zum  Mes- 
sen  der  Temperatur  des  die  Pumpe  durchstromen- 
den  Hydraulikfluids;  wobei  das  Mittel  zum  Generie-  30 
ren  des  Drehzahlbefehlssignals  ein  auf  den  Tempe- 
ratursensor  ansprechendes  Mittel  zum  Variieren 
des  Drehzahlbefehlssignals  (NC)  als  Funktion  der 
Fluidtemperatur,  urn  bei  ansteigender  Fluidtempe- 
ratur  die  Pumpendrehzahl  und  die  effektive  Pum-  35 
penverdrangung  zu  erhohen  bzw.  zu  vergroBern, 
umfaBt. 

5.  Pumpe  (10;  10a)  nach  einem  der  vorangehenden 
Anspruche,  ferner  umfassend  einen  wirkungsma-  40 
Big  mit  der  Joch-  bzw.  Steuerscheibe  im  Gehause 
gekoppelten  Verschiebungssensor  (60)  zum  Mes- 
sen  der  Ist-Verschiebung  des  Kolbens  im  Zylinder- 
block;  wobei  das  Mittel  zum  Generieren  des  Druck- 
befehlssignals  (PC)  ein  auf  den  Verschiebungssen-  45 
sor  ansprechendes  Mittel  zum  Variieren  des  Druck- 
befehlssignals  als  Funktion  der  Ist-Verschiebung 
zwecks  Erhohung  des  Pumpendrehmoments  mit 
sich  vergroBernder  Ist-Verschiebung  umfaBt. 

50 
6.  Pumpe  (10;  10a)  nach  einem  der  vorangehenden 

Anspruche,  ferner  umfassend  einen  am  Gehause 
(12)  montierten  und  mit  dem  AuslaBmittel  (28)  ge- 
koppelten  Verteiler  (72),  mindestens  ein  solenoid- 
betatigtes  Proportionalhydraulikventil  (74a,  74b)  55 
am  Verteiler  sowie  am  Verteiler  vorgesehene  Fluid- 
zulasse  (76,  78)  zum  Zuspeisen  von  Hydraulikfluid 
von  der  Pumpe  zu  einer  Last  unter  der  Steuerung 

Revendications 

1.  Pompe  (10;  10a)  hydraulique  a  moteur  electrique 
qui  comporte  :  un  boTtier  (12)  ayant  un  arbre  (14) 
interne  stationnaire,  au  moins  un  bloc-cylindre 
(16,18)  porte  de  facon  rotative  par  ledit  arbre  a  I'in- 
terieur  dudit  boTtier  et  au  moins  un  piston  (22)  dis- 
pose  de  facon  coulissante  dans  ledit  bloc-cylindre, 
une  plaque  de  culasse  (20)  montee  a  I'interieur  du- 
dit  boTtier  et  s'engageant  sur  ledit  piston  pour  deter- 
miner  le  deplacement  dudit  piston  a  I'interieur  dudit 
bloc-cylindre,  des  moyens  (28)  d'entree  et  de  sortie 
de  fluide  a  I'interieur  dudit  boTtier  et  relies  audit  bloc- 
cylindre,  un  moteur  electrique  (30,32)  qui  comporte 
un  rotor  (34)  porte  par  ledit  bloc-cylindre,  pourtour- 
ner  en  meme  temps  que  celui-ci,  un  stator  (36)  a 
I'interieur  dudit  boTtier  entourant  ledit  rotor,  et  des 
moyens  electroniques  de  commande  pour  com- 
mander  la  pression  de  fluide  de  sortie  et  le  debit 
provenant  de  ladite  pompe  dans  lequel  lesdits 
moyens  electroniques  de  commande 
comprennent  : 

des  moyens  (96;  1  1  2)  pour  appliquer  un  courant 
alternatif  audit  stator, 
des  moyens  (54;  108)  pour  produire  un  signal 
(Nc)  de  commande  de  vitesse  representatif 
d'une  vitesse  de  rotation  souhaitee  dudit  bloc- 
cylindre  et  dudit  rotor, 
des  moyens  (96;  1  1  2)  pour  produire  un  signal 
de  commande  de  pression  representatif  d'une 
pression  de  sortie  de  fluide  souhaitee  de  ladite 
pompe, 
des  moyens  (96;  11  2)  pour  faire  varier  la  fre- 
quence  dudit  courant  alternatif  applique  audit 
stator  en  fonction  dudit  signal  de  commande  de 
vitesse,  et 
des  moyens  (96;  11  2)  pour  faire  varier  I'ampli- 
tude  dudit  courant  alternatif  applique  audit  sta- 
tor  en  fonction  dudit  signal  de  commande  de 
pression, 
la  pression  (P)  de  sortie  et  le  debit  (Q)  de  fluide 
provenant  dudit  bloc-cylindre  pouvant  ainsi 
etre  amenee  a  varier  selectivement  en  fonction 
desdits  signaux  de  commande  en  commandant 
simultanement  de  facon  variable  la  frequence 
et  I'amplitude  du  courant  alternatif  applique 
audit  stator. 

2.  Pompe  (10;  10a)  selon  la  revendication  1,  compre- 
nant  en  outre  un  capteur  (46)  de  vitesse  sur  ledit 
boTtier  pour  detecter  la  vitesse  de  rotation  dudit  ro- 
tor  et  fournir  un  signal  (N)  de  vitesse  en  fonction  de 
celle-ci  et  dans  lequel  lesdits  moyens  pour  faire  va- 
rier  la  frequence  comprennent  des  moyens  pour 
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comparer  ledit  signal  (N)  de  vitesse  audit  signal 
(NC)  de  commande  de  vitesse,  et  des  moyens  pour 
faire  varier  la  frequence  dudit  courant  alternatif  ap- 
plique  audit  stator  en  fonction  d'une  difference  entre 
lesdits  signaux  de  vitesse  et  de  commande  de  vi-  s 
tesse. 

3.  Pompe  (1  0;  1  0a)  selon  la  revendication  1  ou  2,  com- 
prenant  en  outre  un  capteur  (56)  de  pression  pour 
detecter  la  pression  de  fluide  de  sortie  de  ladite  10 
pompe  et  fournir  un  signal  de  pression  (P)  en  fonc- 
tion  de  celle-ci  ;  et  dans  laquelle  lesdits  moyens 
pour  faire  varier  I'amplitude  comprennent  des 
moyens  pour  comparer  ledit  signal  (P)  de  pression 
audit  signal  (PC)  de  commande  de  pression,  et  des  15 
moyens  pour  faire  varier  I'amplitude  dudit  courant 
alternatif  applique  audit  stator  en  fonction  d'une  dif- 
ference  entre  lesdits  signaux  de  pression  et  de 
commande  de  pression. 

20 
4.  Pompe  (10;  10a)  selon  la  revendication  1,  2  ou  3, 

comprenant  en  outre  un  capteur  (58)  de  tempera- 
ture  pour  detecter  la  temperature  du  fluide  hydrau- 
lique  s'ecoulant  dans  ladite  pompe,  et  dans  lequel 
lesdits  moyens  destines  a  produire  ledit  signal  de  25 
commande  de  vitesse  comportent  des  moyens  re- 
pondant  audit  capteur  de  temperature  pour  faire  va- 
rier  ledit  signal  de  commande  de  vitesse  (NC)  en 
fonction  de  ladite  temperature  du  fluide  de  facon  a 
faire  croTtre  la  vitesse  de  la  pompe  et  le  deplace-  30 
ment  effectif  de  la  pompe  lorsque  la  temperature  du 
fluide  augmente. 

5.  Pompe  (1  0;  1  0a)  selon  I'une  quelconque  des  reven- 
dications  precedentes,  comprenant  en  outre  un  35 
capteur  (60)  de  deplacement  fonctionnellement  re- 
lie  a  ladite  plaque  de  culasse  a  I'interieur  dudit  boT- 
tier  pour  detecter  le  deplacement  effectif  dudit  pis- 
ton  a  I'interieur  dudit  bloc-cylindre  ;  et  dans  laquelle 
lesdits  moyens  destines  a  produire  ledit  signal  de  40 
commande  de  pression  (PC)  comprennent  des 
moyens  repondant  audit  capteur  de  deplacement 
pour  faire  varier  ledit  signal  de  commande  de  pres- 
sion  en  fonction  dudit  deplacement  effectif  afin  de 
faire  croTtre  le  couple  de  la  pompe  lorsque  ledit  de-  45 
placement  effectif  augmente. 

6.  Pompe  (1  0;  1  0a)  selon  I'une  quelconque  des  reven- 
dications  precedentes,  comprenant  en  outre  une  tu- 
bulure  (72)  montee  sur  ledit  boTtier  (12)  et  reliee  so 
auxdits  moyens  (28)  de  sortie,  au  moins  une  sou- 
pape  (74a,  74b)  hydraulique  proportionnelle  com- 
mandee  par  solenoTde  sur  ladite  tubulure,  et  des 
orifices  (76,78)  de  fluide  sur  ladite  tubulure  pour 
fournir  du  fluide  hydraulique  a  partir  de  ladite  pompe  55 
a  une  charge  sous  le  controle  de  ladite  soupape  hy- 
draulique  proportionnelle. 
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